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I. Introduction
Amplifying grid arrays [1], consisting of periodic unit cells loaded with

active devices such as HEMTs, are currently being developed for high frequency
quasi-optical use. Motivation for their development includes the inherent advantages
of an approach that employs spatial power combining and spatial amplification.
Thus losses between multistage amplifiers is virtually eliminated. Also due to the
spatial combining, the phase of the array is determined by the phase of the incident
wave which is then amplified by the planar circuit. This eliminates the need for
complex phase shifters and the associated lines for independent element control.
Other advantages include the existence of graceful degradation when failures occur.

Future NASA space probes are investigating usc of these higher frequency
low power transmitters ctu~ to their light weight and potcntia]  for increased
reliability. In addition theses planar arrays could be fabricated monolithically and
therefore are potentially more economical than hybrid circuits. ~’ypical  application
for both space and ground uses would include JPL/NASA  Deep Space
Network(DSN)  general purpose communications, radar, and radio science
experiments such as gravity wave detection.

II. Unit Cell Characterization
Typically in the past the unit cell of these planar arrays has been analyzed

using quasi-static transmission line approaches. ‘j’his approach is used due to its
simplicity and the easy addition of the port locations required by the active dcviccs.
The benefit of a grid amplifier design at high frequency is limited by this approach.
Based on more convcntiona]  periodic array analysis, the method ctcscribcd here
cxtcndccl  the genera]izcd scattering matrix approac]l [2] to include the port locations
of the dcvicc.  This allows accurate inclusion of the effects of the mutual  coupling
between c]ements, the presence of bias l ines,  ground planes, and
supcrstratcs/substrates. In addition this numerically gcncratcd  scattering matrix can
bc combined with the conventional scattering Inatrix of the device to form a
composite matrix of a grid amplifier. Thus conventional amplifier design
approaches can now be applied to planar grid amplifier design. For cxamp]e,
addition of a polarizer for tuning requires the inclusion of the scattering matrix for
this structure.

Similar approaches to this method have been applied to multilayered printccl
s(ructurcs by other authors [3, 4]. In contrast to other approaches the Y or 7,
parameters arc not calculated. This method also recognizes fhc additional 4 ports
crcatcd by two polarizations of the scattered and reflected fields for normal
—
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incidence on an infinite array. In addition the pori(s) defined at (he device or load
loca[ion  is within the plane of the ,array, and therefore not terminated in a microstrip
line with a known characteristic impedance. Such a unit CC1l for a onc port dipole is
shown in Figure 1. By modifying the generalized scattering matrix for a periodic
array, the adciitional  one or more ports at the device location arc accounted for.

111. Wavcguidc  Simulator: Device l)e-emhdding
]n order to verify the generalized scattering matrix that is numerically

generated and to demonstrate a novel method of device de-embeciding,  a waveguidc
simulator has been built. This simulator models a periodic array by inclusion of a
sing]c  c]cmcnt as shown in Fig. 1. Fig. 2 shows the complete test setup which
includes two orthomodes that allow both orthogonal polarizations of the reflected
and transmitted waves in the square wavcguide  to be measured, Since the square
waveguide  of the orthomode  junctions supports twro fundamental modes,
conventional calibration techniques cannot remove  their prcsencc  in the
mcasurcmcnt  setup. Therefore, the scattering matl ices of the orthomode junctions
arc detcrmincci cxpcrirnentaliy.

3’hc gcncralizcd  scattering matrix of the unit cell supported by a dielectric of
~r = 2.2 is calculated numerically to include the port where a chip resistor is placed
as the Device lJndcr  Test (D. U.T. ). Fig. 1 shows the simplistic case where only
onc polari~ation  is incident on the dipole antenna loaded by the D.U.T. Since the
gcncraiizcd  scattering matrix of the dipole and orthomodes are known, the S
parameters of the D.lJ.T. can be determined by measuring the S parameters at the
external ports of the orthomode junctions. Figs. 3 and 4 show results for dc-
cmbcddcd chip resistor vaiues  of51 and 120 ohms. These figures demonstrate the
usefulness oft hc numerical 1 y generated scattering matrix of the planar unit CCI1.  The
phase corresponding to Figs. 3 and 4 is not shown, but was found to bc less than
15 dcgrccs over the range of measurements.These mcasurcrncnts  involved the use
of a 5 port scattering matrix for the unit CCI1. g’hc approach is currcnt]y being
app]ic(i  to mcasurment  of the two port scattering matrix of a }lEMT (differential pair
using a 6 prot scattering matrix for the unit cell.
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FIG. 1. WAVEGUIDE METHOD OF ONE PORTS
PARAMETER DE-EMBEDDING
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FIG. 2. IMPLEMENTATION OF WAVEGUIDE ME:THOD FOR
TWO PORT S PARAMETER DE-EMBEDDING
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FIG. 3. MEASURED LOAD MAGNITUDE, DIPOLE
LOADED WITH 51 OHM CHIP RESISTOR
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FIG. 4. MEASURED LOAD MAGNITUDE, DIPOLE
LOADED WITH 120 OHM CHIP RESISTOR
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